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Introduction
Since the first diphosphene Ar*P=PAr* 5 (Ar* = 2,4,6-t Bu 3 C 6 H 2 ) was prepared by
Yoshifuji and co-workers in 1981, [1] a great deal of interest has focused on their coordination chemistry. [2, 3] They can bind to transition metal fragments either in an η 1 fashion, via a lone pair on phosphorus, or in an η 2 mode, utilising the π system of the P=P double bond; some examples of both coordination types for Ar (Ar F = 2,4,6-(CF 3 ) 3 C 6 H 2 ), [4] with strongly electron-withdrawing substituents, have been reported by us. [5, 6] Occasionally it is possible to coordinate a metal to each of the phosphorus atoms in an η 1 mode, as in the mono-and di-AuCl complexes of Ar*P=PAr* 5 (Ar* = 2,4,6-t Bu 3 C 6 H 2 ). [7] For an unsymmetrical diphosphene M A N U S C R I P T
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coordination by the less sterically hindered phosphorus atom, but was not discussed further. Yoshifuji and co-workers have prepared M(CO) 5 complexes (M = Cr, Mo or W) of the unsymmetrical diphosphene Ar*P=PMes (Mes = 2,4,6-Me 3 C 6 H 2 or mesityl), and have shown that these can be photoisomerised from the E-to the Zisomer. [9] In these complexes the metal was again coordinated to the less sterically hindered phosphorus atom. More recent studies on unsymmetrical diphosphenes, usually with a phosphorus-containing substituent on one of the diphosphene phosphorus atoms, and some metal complexes thereof, have also appeared in the literature. [10] [11] [12] [13] [14] We have described the transition metal-catalysed metathesis of phosphorus - Attempts to separate these isomers by column chromatography were unsuccessful, as they decomposed during the process. When a scaled-up reaction was performed, 31 P NMR signals for a third complex 4 were detected; the latter gave a clean spectrum for (Table 1) .
Since cis complexes are usually more stable than trans, 4 may well be the thermodynamic reaction product, suggesting that P(Ar F ) is a rather better donor than P(Ar*). A reasonable assumption is that 2 and 3 are initially formed in an equilibrium mixture from 1; reaction was not complete, as shown by the presence of a small amount of starting material. As trans-isomer 3 converts to the thermodynamically more stable cisisomer 4, removal of 3 from the equilibrium will result in conversion of 2 to 3.
Eventually 4 will remain as the only product. This conclusion is fully supported by the calculations discussed below, which indicate that complex 4 is the most stable of all four possible single η 1 -bonded species. Although the electronegative CF 3 groups in Ar F would tend to reduce the effectiveness of donation from the phosphorus lone pair, electronic effects seem to be outweighed by the steric hindrance to complexation caused by the very bulky orthot butyl groups in PAr*. A parallel reaction to those described above was carried out between the platinum dimer and Ar'P=PAr F 7 at room temperature. The mixture was stirred for 1 h. 31 P{ 1 H} NMR spectroscopy revealed the presence of a single η 1 -bonded cis-isomer 8 ( Figure 1 and Table 1 ). This result was not unexpected, in view of the formation of a similar cis-complex 10 by the symmetrical diphosphene Ar . [5] In itself the NMR spectrum of 8 did not allow the coordinating atom to be distinguished in the M A N U S C R I P T
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unsymmetrical diphosphene, since similar 31 P spectra would result, irrespective of whether P(Ar') or P(Ar F ) was the donor atom. Calculations described below indicate that P(Ar') coordinates to Pt, and also enable the resonances to be assigned for the starting material 7. In this system, comparable steric hindrance would be expected from both potential donor sites, because each phosphorus has two ortho-CF 3 groups.
The Ar' moiety is expected to be rather less electronegative than Ar F , however, hence a better donor, and this is entirely in keeping with the deductions above.
(d) Calculations
Geometries of known and new diaryldiphosphenes were optimised at B3LYP/6-31G*, to assess the accuracy of the computations by comparing with reported X-ray data [21] [22] [23] where available, and by comparing computed 31 P GIAO-NMR data on the optimised geometries with observed 31 P NMR shifts, which are summarised in Table 2 . The calculated P=P bond lengths are consistently longer by 0.02 Å, whereas the agreement between computed and observed 31 P NMR data [24] is good. The more computationally intensive model chemistries B3LYP/6-311G** and B3LYP/cc-pVDZ gave geometric data no better than B3LYP/6-31G* (Table S1 ) thus B3LYP/6-31G* is used here. For the new diphosphene 7, the 31 P peaks may thus be assigned with confidence. Similar computations were also carried out for known diphosphenes coordinated to cationic methyl group [25] or metals in an η 1 fashion [7, 9, 26] as listed in Table 2 , and Figure 3 demonstrates the good agreement between observed and computed (GIAO) 31 P NMR data. Table 4 . The most stable isomers computationally are all found experimentally i.e. 13, 16, 17 and 21 for 4, 6, 8 and 10 respectively. The less thermodynamically stable isomers 2 and 3 observed are the next two most stable forms computationally, whereas the cis-isomer with the Ar* group at P A is unfavourable due to sterics, as shown pictorially in Figure 4 . demanding group studied is Ar*, so that for Ar*P=PAr F the least stable complex is calculated to be the one where the Ar*P group would be cis to the PEt 3 ligand on Pt.
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This is in full agreement with the experimental observations, even though Ar*P should be a better donor than Ar , where the steric effects should be similar for both potential donor sites, electronic effects take over, and coordination is observed only via the Ar'P group, which should be the better donor. Again theory and experiment are in agreement. The present work illustrates the value of combining experimental and theoretical studies of such systems.
Experimental
All manipulations, including the preparation of NMR samples, were carried out under an inert atmosphere of dry nitrogen, either using standard Schlenk and cannula techniques, or in a nitrogen-filled glovebox. Solvents were refluxed over an appropriate drying agent, and distilled and degassed prior to use. 31 and Ar'PCl 2 (1.98 g, 6.3 mmol) in THF (100 ml) yielded 1.64 g (2.9 mmol, 46%) of the same product 7 after work-up. The ripple tank oscillation technique was employed between 10 and -30 °C for several days in an attempt to obtain better crystals of the diphosphene (0.9 g) in toluene (7 ml), but again only very small crystals resulted. M. 
Computational Details
All computations were carried out with the Gaussian 09 package. [27] The geometries of compounds listed in Table 2 and the model systems 11-22 were fully optimised with the B3LYP functional [28] with no symmetry constraints using the 6-31G* basis set [29] for all atoms apart from Au and Pt, where LANL2DZ pseudopotentials [30] were employed. The much larger 6-311G** and cc-pVDZ basis sets did not show more accurate data (Table S1) 
